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24
The vitamin B group of water soluble vitamins differ substantially in chemical structure and 25 biological activity [1] . In the body, the vitamin riboflavin (B2) carries out its action in the form 26 of two coenzymes, a flavin mononucleotide (FMN) and a flavin adenine dinucleotide (FAD), 27 which play a vital role in metabolism [1] . The vitamin riboflavin is distributed in all tissues, 28 but at uniformly small concentrations [1] . Riboflavin is readily absorbed from the 29 gastrointestinal tract with excretion directly correlated with the amounts ingested. This 30 vitamin plays an important role in metabolism of ketone bodies, carbohydrates, proteins, and 31 fats, as well other aspects of energy metabolism. 32 33
When consumed orally this vitamin is not considered to be toxic partly due to its lower 34 aqueous solubility [2] and because excess amounts of the vitamin are readily excreted into 35 the urine [3] . Riboflavin has been popular as a supplement in the form of tablets or capsules 36
and is often utilized in energy drinks or similar health-related beverages. There have been 37 some studies conducted for applying riboflavin in clinical and therapeutic scenarios. For 38 example, riboflavin in higher doses has been found to help prevent migraine headaches 39 [4, 5] . Simultaneous dosage of riboflavin and ultraviolet light with blood products have been 40
found to reduce harmful activity of pathogens through reduction of replication [6] . Riboflavin 41 is considered effective for protection against nuclear cataracts [7] . 42 43 Various methodologies have been investigated for the determination of riboflavin vitamin. 44
These include isocratic reversed-phase column high-performance liquid chromatography 45 separation followed by fluorometric detection of the analyte [8] . Fluorescence detection 46 following high-performance liquid chromatograpy [9, 10] . Other works showed an assay 47 approach with straight fluorescence following pre-treatment of samples [11] . Simultaneous 48 detection of various vitamins, including riboflavin, was found to be feasible utilizing planar 49 chromatography followed by an application of fluorescence, ultraviolet-visible detection, and 50 confirmation with electrospray ionization mass spectrometry [12] . 51 52
Considering the nutritional and clinical importance of riboflavin, it follows that methodology 53 for detection and assay are needed. Further application of riboflavin in these areas is 54 imminent so additional methods of detection are warranted. Presented here is an accurate 55 and precise approach taking advantage of the aqueous solubility of riboflavin and its physical 56 characteristics. A useful accurate methodology is a result that will be beneficial for 57 application in industrial, pharmaceutical, and clinical environments. 58 59 
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Riboflavin consists of a yellow to orange-yellow crystal-like powder and has a slight odor. 114
The solid is not significantly affected by light but when in solution, the vitamin quickly 115 degrades under light [1] . The sugar ribose comprises part of its structure, but it is the ring-116 moiety or "flavin" that imparts the yellowish color to the molecule [1] . 117 118
The riboflavin solid consisted of a fine powder and is sufficiently soluble in distilled water to 119 produce a stock solution reaching 0.0001100 molar concentration and should be protected 120 from light while stored at room temperature. The molecular structure of the vitamin, some 121
properties, IUPAC name, and useful SMILES notation are indicated in Fig. 1 . Note the 122 ribose moiety and ringed-structure that provide the observed color of the vitamin. 123
Interestingly the molecular structures of the B-vitamin group members differ substantially. The absorbance spectrum of riboflavin was initially determined in a citric acid type buffer at 132 three pH values 3.02, 5.03, and 6.03, with a fourth spectrum obtained in a sodium borate 133 buffer at pH 9.80. All were measured from 320 nm to 700 nm. The percent recovery for vitamin waters evaluation showed a mean of 100.9 % recovery. 238
The minimum and maximum recovery of riboflavin was 97.6 % and 104 %, respectively. The 239 standard deviation of recovery was 1.6 %. The determination of riboflavin in a citric acid buffer by UV/VIS spectrometry was found to 252 have high reproducibility. Example shown in 
